percent reported arthritis, and 31.2% had vitamin D insufficiency. The arthritis and vitamin D insufficiency group was associated with upper-lower extremity functional limitations [odds ratio (OR) 1.82, 95% confidence interval (CI) 1.06-3.15, and OR 1.90, 95% CI 1.00-3.62, respectively] and ADL disability (OR 3.00, 95% CI 1.63-5.51) when compared with the no vitamin D insufficiency and no arthritis group (reference group). The arthritis only group was three times more likely to report upper-lower extremity functional limitations and ADL disability. The vitamin D insufficiency only group was not significantly associated with functional limitations nor ADL disability. Arthritis and vitamin D insufficiency increased the risk of ADL disability in this population. However, the effect of arthritis and vitamin D insufficiency on upper-lower extremity functional limitations was not higher than the effect of arthritis only, but higher than the effect on vitamin D insufficiency alone.
Introduction
Disability is a public health priority, and musculoskeletal diseases are the most common cause of disability worldwide [1] . People with disabilities constitute the world's largest minority, and approximately 80% of them live in developing countries [2] . Data from the Health, WellBeing, and Aging in Latin America and the Caribbean Study (SABE) studies, showed that 23.8-55.6% of adults aged 60 years and above had self-reported arthritis and was significantly associated with limitation in activities of daily living (ADL) in all studied populations [3] . Data Abstract Arthritis and vitamin D insufficiency are prevalent in older adults and are risk factors for disability. The objective of this study was to examine the effect of cooccurring arthritis and vitamin D deficiency on upper-lower extremity functional limitations and disability in older adults. We examined 1533 participants aged ≥50 years from a subsample of the Mexican Health and Aging Study. Measures included sociodemographics, body mass index, comorbid conditions, falls, physical activity, physical function tests, functional limitations, activities of daily living (ADL), and vitamin D. Participants were categorized into four groups according to arthritis and vitamin D status: no vitamin D insufficiency and no arthritis (58.80%), vitamin D insufficiency only (27.49%), arthritis only (8.47%), and arthritis and vitamin D insufficiency (5.24%). Fourteen 
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from The Community Oriented Program for the Control of Rheumatic Diseases (COPCORD) questionnaire showed a 9.5% prevalence of osteoarthritis in Mexico, the primary form of arthritis to affect middle and older adults, increasing to 21.4% in those 65 years and over [4] . Based on the 2010-2012 National Health Interview Survey in the USA, by 2040 the prevalence of arthritis in adults is expected to increase to 25.9%, and the number of adults with activity limitation due to arthritis will increase to 11.4% [5] .
Arthritis and several other factors, including non-modifiable risk factors (such as age and gender) and modifiable risk factors (such as diseases, obesity, impairments, sedentary lifestyles, and environmental obstacles), are associated with physical disability [6] . Studies have shown an association between low vitamin D levels and higher risk of disability, muscle weakness, reduced physical performance, balance impairment, and falls [7] [8] [9] [10] [11] . Prevalence of vitamin D deficiency/insufficiency for all ages in Latin America ranges from 23.8 to 87% [12] [13] [14] . Low vitamin D levels have been found prevalent among persons with arthritis. Emergent evidence suggests that vitamin D plays an important role in immune regulation, and epidemiological data suggest that vitamin D deficiency may be a risk factor for development of autoimmune and chronic diseases [16, 17] . Vitamin D has been found to play a role in multiple articular structures, including cartilage, subchondral bone, and periarticular muscle, which are risk factors for the progression of knee osteoarthritis [18, 19] . Studies have shown that lower serum levels of vitamin D associated with greater knee pain, higher prevalence of radiographic osteoarthritis (OA), incidence of knee pain, progression of radiographic OA, loss of joint space, and osteophyte growth [20] [21] [22] .
In a report from The World Bank, Latin America and the Caribbean largely mirrored global tendencies in the principal causes of disability [23] . Mexico has experienced important epidemiologic and demographic changes, including declining fertility rate, decreasing mortality rate, increasing life expectancy, and increasing chronic disease burden [24] . As arthritis and vitamin D insufficiency are risk factors for disability, especially in older adult populations which are vulnerable to the disabling effects of arthritis, there is a critical need to reduce the incidence and progression of these conditions. The objective of this study was to examine the effect of co-occurring arthritis and vitamin D deficiency on upper-lower extremity functional limitations and ADL disability among Mexican older adults. We hypothesized that older adults with arthritis and vitamin D insufficiency would have higher upper-lower extremity functional limitations and ADL disability than those with arthritis only or vitamin D insufficiency only.
Patients and methods

Study population
The sample for this study was drawn from the Mexican Health and Aging Study (MHAS), an ongoing nationally representative longitudinal study of adults in Mexico aged 50 years or older and their spouse or partner, beginning in 2001 [25, 26] . Participants were followed in 2003 and 2012. In 2012, a new sample of 5,896 participants was added to the ongoing cohort interviewed in 2001 and 2003 who remained in the study for the third follow-up (n = 12,569), comprising a sample of 18,465 individuals [25] . Experienced professionals from the Instituto Nacional de Salud Pública de Mexico collected intravenous and capillary blood from a subsample of 2086 participants in 2012, providing data on biomarkers including vitamin D. The details on the study methodology have been reported elsewhere [25] . The study received approval from the University's institutional review board.
Study subsample
The target subsample included participants providing biomarker data and interviewed in 2012 in four Mexican states. These states included a highly rural state, a highly urban state, a high-US-migration state (people who migrated to the USA and came back to Mexico), and a state with a high prevalence of diabetes [25] . Of 2086 participants, 8 had missing information on self-reported arthritis, 86 on vitamin D levels, and 459 on any of the covariates (Fig. 1) . The excluded participants were older, unmarried, less educated, more likely to be male, report any ADL disability and lower extremity limitations, and less likely to live in an urban residence and engage in physical activity than those included for the analyses. No significant difference was found in the percent of self-reported arthritis nor vitamin D insufficiency between our final study sample (n = 1533) and the biomarker subsample (n = 2086), with 13.50 versus 13.52, and 31.18 versus 32.20%, respectively [27, 28] .
Independent variables
Arthritis
Self-reported arthritis was established by the answer to the question "Has a doctor or medical personnel ever diagnosed you with arthritis or rheumatism?" Participants with arthritis were also asked about pain and treatment through the questions: "Do you feel pain, stiffness, or swelling in your joints?" and "Are you taking medication or are you 1 3 receiving other treatment for your arthritis or rheumatism?" The arthritis case definition has been validated in previous studies for surveillance purposes [29, 30] . Similar questions have been used in the National Health and Nutrition Examination Surveys [31] . [33] .
Covariates
Sociodemographic variables included age (as continuous variable), gender, marital status (married vs. unmarried), years of formal education (categorized into four groups: none, 1-5, 6, and 7 years or more of education), residence (urban vs. rural), and residence in a high-US-migration state (selected from the five Mexican states with the highest levels of migration to the USA). Self-reported comorbid conditions included hypertension, cardiovascular disease (heart attack and/or stroke), cancer, and fractures. Falls were assessed by asking participants how many times they had fallen and landed on the floor or ground during the past 12 months. Physical activity was assessed by asking participants whether they participated in vigorous physical activity or exercise three times a week or more on average over the last 2 years (yes or no). Body mass index (BMI) was computed as weight in kilograms divided by height in meters squared. Physical function tests included balance and 3-meter walk. The balance test was conducted by asking the participants to stand on any leg and then on the other one for ten seconds each; if they could not stand on any leg for 10 s, the test was considered unsuccessful. The walk test was performed twice by measuring the time (in seconds) the participants needed to walk a 3-m distance. Handgrip strength was measured in both hands with a hand-held dynamometer (Baseline ® Dynamometer, Smedley Spring, 220 lb Capacity) [28] .
Outcomes
Upper-lower extremity functional limitations
Participants were asked to answer the question, "Please tell me if you have any difficulty with each of the activities that I mention. If you do not do any of the following activities, simply tell me. Do not include difficulties that you believe will last less than three months." Respondents were asked to indicate "yes," "no," "cannot do," or "does not do" the activity. Upper extremity activities included reaching/ extending their arms above shoulder level, pulling/pushing large objects like a living-room chair, lifting/carrying objects that weigh over 5 kg, and picking up a coin from the table. Lower extremity activities included walking one/ several blocks, sitting for about two hours, getting up from a chair after sitting for long periods, climbing one/several flights of stairs without resting, and stooping, kneeling or crouching. Each activity was dichotomized into (1) respondents who answered "yes" or "cannot do" the activity and (2) those who answered "no limitation" in the activity or "does not do" the activity. Any upper extremity functional limitation was dichotomized as having difficulty or not in performing one or more of the four activities. Any lower extremity functional limitation was dichotomized as having difficulty or not in performing one or more of the seven activities. These questions have been used in previous studies [34, 35] .
Disability
It included difficulty performing ADLs. Participants were asked to answer the question, "Please tell me if you have any difficulty doing each of the daily activities that I am going to read. Don't include difficulties that you believe will last less than three months." Respondents were asked to indicate "yes," "no," "cannot do," or "does not do" the activity. These activities included walking, bathing, eating, going to bed, using the toilet, and dressing. Each activity was dichotomized into (1) respondents who answered "yes," "cannot do," or "does not do" but received help to perform the activity and (2) those who answered "no limitation" in the activity. Any disability was dichotomized as having difficulty or not in performing one or more of the six ADLs.
Statistical analysis
To examine the distribution of the unweighted variables by self-reported arthritis and vitamin D categories, we used Chi-square test for categorical variables and analysis of variance with post hoc Tukey's test for continuous variables. Unweighted logistic regression analysis was first conducted separately by arthritis (Model 1) and vitamin D insufficiency (Model 2) to show the independent effect of each condition on upper and lower extremity functional limitation and ADL disability. Further analyses were performed by the 4 groups of arthritis and vitamin D insufficiency status (Model 3) to assess their co-occurring effect on upper and lower extremity functional limitation and ADL disability. All 3 models were adjusted for age, gender, marital status, education, residence (rural vs. urban), living in a high-US-migration state, BMI, handgrip strength, 3-meter walk test, balance test, physical activity, comorbid conditions (hypertension, diabetes, cardiovascular disease, and fractures), and falls The interaction effect between arthritis and vitamin D insufficiency was not statistically significant for any of the outcomes. All analyses were performed using SAS 9.3 (SAS Institute, Cary, NC).
Results
The average age of the study participants was 61. 15 Compared to those with no arthritis and no vitamin D insufficiency, participants with arthritis and vitamin D insufficiency were significantly more likely to be female, unmarried, have fewer years of education, live in urban residences, engage in less physical activity, and report more comorbid conditions. The age mean difference was significant between the arthritis and vitamin D insufficiency group with all groups. The BMI mean difference was significant between the no vitamin D insufficiency and no arthritis group and the vitamin D insufficiency only group. The vitamin D levels mean difference was significant between all groups except for the no vitamin D insufficiency and no arthritis group and the arthritis only group and the arthritis and vitamin D insufficiency group. For gait speed, the mean difference was significant comparing all groups with the no vitamin D insufficiency and no arthritis group. For hand grip strength in males, the mean difference was significant between the no vitamin D insufficiency and no arthritis group and the arthritis only group, and between the vitamin D insufficiency only group and the arthritis only group. For hand grip strength in females, the difference was significant between all groups with the no vitamin D insufficiency and no arthritis group.
The majority of participants (94%) with arthritis only reported pain/stiffness/swelling; of these, about half (53.73%) were taking any treatment or medication for this condition. On the other hand, a lower proportion of participants with both arthritis and vitamin D insufficiency (79%) reported pain/stiffness/swelling; of these, 63.01% were taking any medication or treatment. Figure 2 shows the prevalence of each upper-lower extremity functional activity limitations and ADL disability according to arthritis and vitamin D insufficiency 1 3
status. The percent of participants who reported limitations in upper extremity activities ranged from 28.23 to 63.43%, being higher in the arthritis only group. Pulling/ pushing large objects and lifting/carrying objects over 5 kg were the most reported limitations in all groups. Further, limitations in lower extremity activities ranged from 49.84 to 81.34%, being higher in the arthritis only group. Climbing one/several flights of stairs and stooping, kneeling or crouching were the most reported limitations in all groups. ADL disability ranged from 9.99 to 34.25%, being higher in the arthritis and vitamin D insufficiency group. Dressing, going to bed, and walking were the most reported disabilities in all groups, being higher in the arthritis and vitamin D insufficiency group. Table 2 shows the full adjusted logistic regression analysis for any upper-lower extremity functional limitations and for any ADL disability as a function of arthritis (Model 1), vitamin D insufficiency (Model 2), and co-occurring arthritis and vitamin D insufficiency status (Model 3). In Model 1, arthritis was significantly associated with any upper extremity functional limitation [odds ratio (OR) 2.88, 95% confidence interval (CI) 2.06-4.04), any lower extremity We repeated the analysis, redefining functional limitations and ADL disability using thresholds of at least 2 and 3 reported limitations in upper-lower extremities and ADLs to define disabled state. Patterns were similar to those given in Table 2 . 
Discussion
This study examined the effect of co-occurring arthritis and vitamin D deficiency on any upper-lower extremity functional limitations and ADL disability among Mexican older adults. Fourteen percent reported arthritis, and 31.2% had vitamin D insufficiency. Arthritis and vitamin D insufficiency increased the risk of ADL disability in this population. However, the effect of arthritis and vitamin D insufficiency on any upper-lower extremity functional limitations was not higher than the effect of arthritis only, but higher than the effect of vitamin D insufficiency alone. Our results are consistent with the previous literature that demonstrates the association between vitamin D and arthritis and disability in older adults. Studies have shown that low 25(OH)D increases osteoblastic activity and bone turnover [36] . These changes play an essential role in the onset and progression of cartilage lesions, by causing aberrant bone remodeling, sclerosis, and osteophyte formation, findings seen in osteoarthritis (OA) [37] . Additionally, in vitro studies have found vitamin D receptors (VDR) on several immune cells and that vitamin D metabolites modulate T cell proliferation and dendritic cell function, suggesting that vitamin D deficiency may be a risk factor for development of autoimmune and chronic diseases like rheumatoid arthritis (RA) [17] .
Moreover, skeletal muscle cells also express VDR and its effects include increased calcium handling and muscle cell differentiation and proliferation [38] . Some studies have shown an association between vitamin D deficiency and chronic pain, skeletal muscle weakness, deterioration of cognitive function in the elderly, and consequently disability [39, 40] . Low vitamin D levels are common in older adults because of reduced efficacy of previtamin D synthesis in the skin and reduced exposure to sunlight; in addition, the few natural food sources of vitamin D mean that dietary intake of vitamin D is often inadequate [41] . Hence, vitamin D insufficiency adds an extra risk factor for disability, especially in older adult populations in whom arthritis is the most common disabling condition. In our study, participants with arthritis and vitamin D insufficiency were more likely to have poor performance in the walk test, balance test, and handgrip strength. Therefore, functional limitations in the arthritis groups might also be related to deconditioned muscles in the elderly. Additionally, individuals with arthritis and vitamin D insufficiency were more likely to be older, have a higher BMI, and engage in less physical activity. The more inflammation and less mobility, the more likely older adults are to develop pain and hence difficulty upon performing physical activities.
Rossini et al. examining the association of arthritis and serum vitamin D levels with disability in patients with RA found that those not taking vitamin D supplements, lower 25(OH)D levels were correlated with more functional limitations (including activities such as reaching and getting down a 5 pound object from above head level, standing up from a straight chair, and climbing up five steps), higher disease activity, and ADL disability [17] . In another study of consecutive RA patients without vitamin D supplementation, vitamin D deficiency was detected in 76.3% of patients; low 25(OH)D serum levels were correlated with higher disease activity, functional limitation and depression, while high 25(OH)D levels were correlated with higher physical activity and better quality of life [16] . In our study, participants with arthritis and vitamin D insufficiency were more likely to take medication/treatment and hence less likely to report pain and limitations, in comparison with those with arthritis and without vitamin D insufficiency. This may be because vitamin D has antiinflammatory properties as well, and low 25(OH)D levels might enhance pain sensitization [42] . However, a previous literature review that sought high quality evidence from randomized controlled trials (RCT) on vitamin D to manage pain in chronic conditions found no consistent pattern that vitamin D treatment was better than placebo for any chronic painful condition [43] .
Regarding arthritis, a meta-analysis found significant associations of low 25(OH)D levels with prevalent knee joint space narrowing and with progressive knee OA [44] . Similarly, it has been suggested that 25(OH)D deficiency leads to suboptimal anti-inflammatory immune responses [37] . Consistent with this hypothesis, epidemiological studies have reported an inverse association between serum 25(OH)D concentrations and RA disease activity and severity [45] . Although by far the strongest data suggest that low levels of serum 25(OH)D are associated with arthritis progression, inferring causality is difficult because disease severity can also restrict patient mobility, limit access to sunlight, and hence diminish epidermal synthesis of vitamin D.
Inconsistencies between vitamin D supplementation RCT have been reported, some of which showed that vitamin D supplementation can significantly improve muscle function and physical performance among older adults [46, 47] ; other studies found no effect on physical function or falls [48, 49] . These discrepancies may be the result of study population characteristics, inadequate vitamin D supplementation, low calcium intake, or vitamin D status. However, overall data from RCT and meta-analysis support a positive effect of vitamin D supplementation on muscle function, mainly in older individuals with vitamin D insufficiency, where a daily dose of 1000 International Units (IU) seems to be appropriate to obtain significant improvements [50] .
In a Mexican study, 43.6% of adults 14 years and older presented with vitamin D insufficiency [15] . Given the widespread high prevalence of vitamin D insufficiency, and that this disorder may be a key contributor to the progression and severity of arthritis and disability, it stands to reason that vitamin D supplementation could be a simple and relatively inexpensive therapy for people with these conditions, especially older people with vitamin D insufficiency.
Strengths and limitations
Our study has some limitations. First, we used cross-sectional data from 2012 which limit the interpretation of causality between arthritis, vitamin D insufficiency, and disability. It is possible that those participants with functional limitations were less active and had lower vitamin D levels for this reason. Second, we used a subsample from the larger sample interviewed in 2012, and our subsample of participants with arthritis and vitamin D insufficiency was relatively small (n = 73), which limits the generalizability of results to the national Mexican population [26] . Third, we used self-reported arthritis; a similar definition of doctor-diagnosed arthritis has been shown to be a valid measure for surveillance purposes in population-based studies [50] . Fourth, we did not have information on subtypes of arthritis or arthritis severity. Fifth, we had no access to medical records to obtain detailed information on health service use, which may influence the number of patients with arthritis and the treatment they were taking. Sixth, our study lacks information on the type of medication taken, or vitamin D supplementation, which may alter the number of patients with pain, limitations, and vitamin D insufficiency. Finally, our measure of physical activity was self-reported, which introduces potential bias in estimating outcomes. The study strengths include a large sample of adults living in rural and urban regions in Mexico and careful collection of physical function measurements by trained interviewers.
Conclusions
Arthritis and vitamin D insufficiency are prevalent among Mexican older adults. Those participants with arthritis and vitamin D insufficiency reported more ADL disabilities when compared to those without arthritis nor vitamin D insufficiency. However, the effect of arthritis and vitamin D insufficiency on any upper-lower extremity functional limitations was not higher than the effect of arthritis only, but higher than the effect of vitamin D insufficiency alone. To prevent disability, early detection and treatment of arthritis and vitamin D insufficiency should be made for Mexican older adults.
